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DESCRIPTION 

LASER IMAGE DISPLAY APPARATUS 

TECHNICAL FIELD 

The present Invention relates to an Image display 
apparatus using a laser as a light source. More particularly, 
it pertains to a laser image display apparatus comprising means 
for reducing speckle noises which appears on a display. 

BACKGROUND ART 

Fig. 7 shows a schematic construction of a conventional 
laser display. At first, rays of light emitted from laser light 
sources lOla-lOlc including three RGB colors (R: red, G: green, 
B: blue) are beam-expanded by an expander optical system 102 
including collective lens 109a- 109c. Next, expanded light 
rays are beam-formed by an integrator optical system including 
lenses and arrays of small lenses to provide a uniform 
illumination to a spatial light modulator 105. Herein, field 
lenses 104a- 104c are adapted for converting the rays of light 
having been passed through the spatial light modulators 
105a- 105c into collected or collected light rays so as to make 
rays of light pass through an aperture of a projection lens 107 
efficiently. 

Then, an intensity modulation is executed to the 
beam- formed rays of light in the spatial light modulators 
105a- 105c in response to an input image signal, and the rays 
of light are combined in a dichroic prism 106. A combined ray 
of light is diverged in the projection lens 107 and projected 
to a screen 108. Accordingly, a two-dimensional image is 
displayed on the screen 108. In the display having this 
construction, the light sources for RGB respectively emit 
single color lights. Accordingly, an image having high color 
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purity and brightness can be displayed by using laser light 
sources having appropriate wavelength. 

However, such display has a problem of the so-called 
speckle noise which is likely to occur due to use of a laser 
light source having high coherency. The speckle noise is fine 
irregular noises which occur when rays of laser light are 
diffused on the screen 8 and the diffused light rays on 
respective portions of the screen 8 interfere with each other. 

Conventionally, as disclosed in Patent Document 1, the 
speckle noise is eliminated by operating a motor 110 to 
oscillate a screen 108 or, as disclosed in Patent Document 2, 
by applying an external force to oscillate/rotate a diffuser. 
These methods change the speckle pattern within a time segment 
shorter than a display changing time which enablesthe human to 
see to average out a speckle pattern so that the observer cannot 
see the speckle noise. Further, Patent Document 3 discloses 
a method which prevents the speckle noise by changing a state 
of polarization of a laser light in a time freime and projects 
the laser light to a screen on which particles made of 
anisotropic crystals are applied. 

Further, as described in Patent Document 4, the speckle 
noise can be reduced also by using a mobile diffuser, but there 
is a problem of noises such as motor driving sounds generated 
at the time when the diffuser is operated- To prevent sound 
noises caused by operation of a motor and the like, accordingly. 
Patent Document 5 discloses a method which prevents the speckle 
noise at a low cost without mechanical operation using a light 
diffusing optical system where microparticles are contained in 
a cell and the microparticles are electrically oscillated. 
However, in the case of using the speckle reducing method 
disclosed in Patent Document 5, the light rays diffused in the 
diffuser optical system are more likely to partially come 
outside of an image display area of the spatial light modulator 
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as the distance between the spatial light modulator and the 
dlffuser optical system becomes longer. As a result, the loss 
In the light intensity becomes larger, and the brightness of 
the screen lowers . 

Furthermore, in the case of the dlffuser optical system 
using microparticles , the microparticles in the cell are 
deviated so that a local diffusing angle and transmittance 
efficiency in the dlffuser optical system differs at different 
locations. Therefore, as the distance between the dlffuser 
optical system and the spatial light modulator comes closer, 
this deviated distribution of transmittance efficiency causes 
localization (luminosity irregularity) of light intensity on 
the spatial light modulator. The luminosity irregularity 
moves on the projection display following a movement of the 
dlffuser optical system, and consequently runs over an Image. 
Accordingly, in order to suppress image deterioration due to 
the luminosity irregularity, it is necessary to arrange the 
dlffuser apart from the spatial light modulator with a 
predetermined distance. 

In other words , speckle noise prevention optical systems , 
typically dlffuser optical systems using microparticles, 
cannot eliminate the speckle noise and realize a 
high-resolution, bright image having no luminosity 
irregularity if the optical system is not set in an appropriate 
position with respect to the spatial light modulator. However, 
an appropriate positional relationship between the dlffuser 
optical system and the spatial light modulator has not been 
discussed until now. 

Patent Document 1 : 

Japanese Unexcunlned Patent Publication No. Sho55-65940 
Patent Document 2 : 

Japanese Unexamined Patent Publication No. Hel6- 208089 
Patent Document 3 : 
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Japanese Unexamined Patent Publication No. Hel3- 109591 
Patent Document 4 : 

Japanese Unexamined Patent Publication No. 2003-98476 
Patent Document 5: 

Japanese Unexamined Patent Publication No. Helll-218726 

DISCLOSURE OF THE INVENTION 

In view thereof, an object of the present Invention is 
to solve the problems, and provide a laser image display 
apparatus which can efficiently reduce an inherent speckle 
noise appearing in the case where a coherent light source such 
as a laser source and the like is used, and realizes a bright 
and high-quality image having no luminosity irregularity. 

To achieve this object, the laser image display apparatus 
according to an embodiment of the present Invention comprises : 
a laser light source; a light dlffuser containing light 
diffusing elements, the light diffusing elements moving, 
swaying or oscillating; an Illumination optical system which 
Irradiates rays of light from the laser light source to the light 
dlffuser; a spatial light modulator which is arranged near the 
light dlffuser and irradiated by rays of light diffused by the 
light dlffuser to produce image; and a projection lens which 
projects to a predetermined plane in space an image produced 
by the spatial light modulator, wherein a light diffusing angle 
0 of the light dlffuser, a pitch P of transmission irregularity 
generated in the light scattering means, a numerical aperture 
NA of the Illumination optical system, and a distance L between 
the spatial light modulator and the light dlffuser have a 
relationship of P<2xtan(e/2+Sln'^(NA) ) xL. 

With this construction, a ray of light emitted from the 
laser light source Is Irradiated to the light dlffuser from the 
Illumination optical system. Light diffusing elements are 
enclosed In the light dlffuser, and the ray of light Irradiated 
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from the illiamination optical system is diffused by the light 
diffusing elements. At this time, the light diffusing elements 
are moved, swayed or oscillated so that a phase pattern of the 
diffused rays of light changes instantly, and thereby a speckle 
pattern also changes. In other words, since different speckle 
patterns occur at each moment and these speckle patterns are 
timely averaged out at the time when an image projected to a 
particular plane via a spatial light modulator and a projection 
lens is observed, a high-quality two-dimensional image having 
a suppressed speckle noise can be obtained. 

Further, divergence of the incident ray of light 
irradiated from the illumination optical system to the light 
diffuser is expressed by 6 /2+Sin"^{NA) if it is assumed that 
a numerical aperture of the illumination optical system is NA 
and a full angle of a light diffusing angle of the light diffuser 
is 0 . Accordingly, if a distance between the light diffuser 
and the spatial light modulator is L, divergence of the ray of 
light on the spatial light modulator can be expressed by 2 
Xtan{ 0 /2+Sin'^(NA) ) XL. If the divergence is larger than a 
pitch P of a transmittance irregularity ( luminous irregularity 
of a transmitted light ray) generated in the light diffuser, 
rays of light forming irregularity adjacent to each other are 
diffused and overlap with each other. Consequently, lowering 
of an image quality due to an irregularity can be suppressed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig.l is a schematic diagram showing an embodiment 1 of 
a laser image display apparatus according to the present 
invention. 

Fig. 2 is a schematic diagram showing a component of a laser 
image display apparatus of the present invention including an 
electrophoretic diffuser in an embodiment 1 . 

Fig. 3 is a diagram showing divergence of rays of light 
to be diffused by an electrophoretic diffuser 10 in an 
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embodiment 1 of a laser Image display apparatus of the present 
Invention, 

Fig. 4 Is a schematic diagram showing an optical system 
formed by unifying an electrophoretlc dlffuser and a spatial 
light modulator In an embodiment 2 of a laser Image display 
apparatus of the present Invention. 

Fig. 5 Is a schematic diagram showing an optical system 
formed by unifying an electrophoretlc dlffuser and a reflective 
liquid crystal component in an embodiment 2 of a laser image 
display apparatus of the present invention. 

Fig .6 is a schematic diagram showing an optical system 
having a combination of function of a dlffuser and a spatial 
light modulator in the embodiment 3 of a laser image display 
apparatus of the present invention. 

Fig. 7 Is a schematic diagram showing a conventional laser 
display. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Embodiments of the present invention are now described 
with reference to the drawings. 

( Embodiment 1 ) 

Fig. 1 shows a schematic dlagreun of a laser image display 
apparatus according to an embodiment of the present invention. 
Rays of light emitted from a red laser light source la, a green 
laser light source lb, and a blue laser light source Ic are 
collected by collective lens 9a, 9b and 9c respectively. The 
collected rays of light are Irradiated to electrophoretlc 
dlff users (light dlff users) 10a, 10b, 10c respectively after 
being passed through an expander optical system 2 and an 
Integrator optical system (Illumination optical system) 3 and 
are beam- shaped to have a uniform light Intensity distribution. 
The rays of light Irradiated to the electrophoretlc dlff users 
10a, 10b, 10c are diffused by diffusing elements contained 
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therein. Consequently, directions of the rays of light after 
being passed through the electrophoretlc dlffuser 10a, 10b, 10c 
are diffused. 

The rays of laser light diffused by the electrophoretlc 
dlff users 10a, 10b, 10c are Irradiated to spatial light 
modulators 5a, 5b, 5c Including a liquid crystal panel and the 
like , for example , to produce a two-dimensional image . The rays 
of light after being passed through the respective spatial light 
modulators 5a, 5b, 5c are combined in a dichroic prism and 
projected to a screen 8 by a projection lens 7. 

Herein, field lens 4a, 4b, 4c are adapted for converting 
the rays of light having been passed through the spatial light 
modulators 5a to 5c into collected beams to pass the rays of 
light through an aperture of the projection lens efficiently. 
As the laser light sources, la, lb, and Ic, further, a gas laser 
such as He-Ne laser, He-Cd laser and Ar laser, a semi-conductor 
laser such as AlGaIn laser and GaN laser, or an SHG laser having 
solid laser as basic wave are used. 

A speckle suppression operation of the laser image 
display apparatus including the construction shown in Fig. 1 
is described with reference to Fig. 2. Fig. 2 is a schematic 
diagram showing an optical system of the laser image display 
apparatus shown in Fig. 1 for one color. For simplicity, the 
expander optical system, the integrator optical system, the 
field lens and the dichroic prism are omitted. The rays of light 
which have emitted from the laser light source 1 and passed 
through the integrator optical system are formed into a light 
beam on the electrophoretlc dlffuser 10 having a uniform 
intensity distribution. The light beam Is diffused In the 
electrophoretlc dlffuser 10 and irradiated to the spatial light 
modulator 5 at a uniform intensity distribution. The rays of 
light are applied with an intensity modulation by the spatial 
light modulator 5, and passed through the projection lens 7 so 
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that an expanded Image is projected to the screen 8. 

Here, it should be noted that there is the possibility 
that a speckle noise appears on an image projected to the screen 
8 at a given time. However, in the course where the light beam 
passes through the electrophoretic diffuser 10, 
electrophoretic elements A14 or electrophoretic elements A15 
contained in an aqueous solution 13 as solvent 13 in the 
electrophoretic diffuser diffuse the light beam so that the 
phase pattern of the rays of light after being passed through 
the electrophoretic diffuser 10 changes. Accordingly, the 
pattern of speckle noise occuring in the image on the screen 
8 also changes. In this embodiment, as the light diffusing 
particles contained in the electrophoretic diffuser are used 
particles which are able to move, sway or oscillate owing to 
application of a voltage, for example, particles including 
TiBaOa and the like which is able to undergo induced polarization. 
Such particles are referred to as migration particles 
hereinafter . 

In this case, electrodes 11 are formed at both ends of 
the electrophoretic diffuser, and an alternating voltage is 
applied to the electrodes 11, and thereby migration particles 
in the electrophoretic diffuser move, sway or oscillate in 
response to modulated frequencies and the like of the 
alternating voltage. Consequently, the distribution of 
migration particles in a given plane in the electrophoretic 
diffuser changes at each moment , and thereby the speckle pattern 
appearing changes at each moment . In other words , since a 
different speckle pattern appears at each moment, the speckle 
patterns are averaged out at the time of observing a projected 
image, which makes it possible to obseirve a two-dimensional 
image having suppressed speckle noise. It will be seen that 
the greater the modulated frequency of the alternating voltage 
or the changing width of the alternating voltage to allow 
migration particles in the electrophoretic diffuser 10 to move. 
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sway or oscillate is made, the greater the spatial distribution 
of electrophoretic particles in the elect rophoretic diffuser 
10 changes. Consequently, the averaged speckle noise, which 
is sensed by human's eyes, can be more suppressed. 

To use the electrophoretic diffuser effectively, further, 
it is necessary to specify a distance between the 
electrophoretic diffuser 10 and the spatial modulator 5 other 
than the above-described moving speed determined mainly by the 
modulated frequency. Fig. 3 is a diagram showing a divergence 
of rays of light diffused by the electrophoretic diffuser 10 
in the embodiment 1 of the laser image display apparatus . 

Assuming that the numerical aperture of the integrator 
optical system 3 is NA, a divergence of rays of light irradiated 
from the integrator optical system 3 to the electrophoretic 
diffuser 10 is expressed by Sin"^(NA) regardless of light 
incidence positions of the electrophoretic diffuser 10. The 
bean of light is shown in a phantom line as light before being 
diffused in this figure . Assuming that the full diffusing angle 
of the electrophoretic diffuser 10 is 9, the beam of light (shown 
by the phantom line in the figure) is diffused 9/2 conically 
with respect to an axis of the beam of light before being diffused 
by the electrophoretic diffuser 10. Consequently, the 
divergence angle of rays of light having been passed through 
the electrophoretic diffuser 10 is added with a further 
divergence angle of 9/2, and thus expressed by 9/2+ Sin"^(NA). 

Assuming that a distance between the electrophoretic 
diffuser 10 and the spatial light modulator 5 is L, accordingly, 
the divergence of light on the spatial light modulator 5 is 
expressed by 2xtan(9/2+ Sin"^(NA) ) xL . Here, the numerical 
aperture NA of the integrator optical system 3 is determined 
depending upon a numerical aperture of the projection lens 7. 
Since a projection lens 7 having a large numerical aperture is 
expensive in general, a projection lens 7 having a small 
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numerical aperture Is used In order to bring down costs . 
Generally, a projection lens having an F value of 1.4 to 2.0 
and a numerical aperture of 0.25 to 0.36 Is used. Therefore, 
regardless as to whether or not there Is provided the 
electrophoretlc diffuser 10, a numerical aperture NA of the 
Integrator optical system 3 needs to be smaller value than that 
of the projection lens . 

If a distance between the electrophoretlc diffuser 10 and 
the spatial light modulator 5 is larger than a certain limit, 
a part of the rays of light diffused by the electrophoretlc 
diffuser 10 comes outside of an image display area of the spatial 
light modulator 5, which results in a larger loss in the light 
amount, and thereby lowers the brightness on the screen. In 
order to suppress the loss in the light amount lower than a 
certain amount, as shown in Fig. 3, the light diffusing angle 
9 of the electrophoretlc diffuser 10 is set so as to satisfy 
the following equation: 

tan{e/2+Sin'^(NA) )xL < D/3 (1) 
Wherein: NA denotes a numerical aperture of the Integrator 
optical system 3 (an illumination optical system using a light 
integrator) ; L denotes a distance between the electrophoretlc 
diffuser 10 and the spatial light modulator 5; and D denotes 
a diagonal distance of an image display area of the spatial light 
modulator. 

Herein, since the rays of light diffused to the spatial light 
modulator 5 is not in connection with the light amount loss, 
the light divergence shown in the left term of Equation 1 is 
half the above-mentioned light divergence on the spatial light 
modulator 5 . 

The light divergence shown in the left term of Equation 
1 increases monotonously as the distance L between the 
electrophoretlc diffuser 10 and the spatial light modulator 5 
Increases, and the brightness on the screen decreases. Further, 
in the case of using a laser light source having an ordinary 
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brightness and an optical system having the construction shown 
In Fig. 1, the allowable brightness range where a person can 
recognize an Image on the screen 8 without sense of discomfort 
Is considered to be not lower than 25% of the brightness of the 
rays of light incidence to the electrophoretlc diffuser 10. In 
other words, if the brightness is lower than 25%, an image on 
the screen 8 becomes so dark. Therefore, it is necessary to 
Increase the power of the light source or suppress the light 
eunount loss. Suppression of the light amount loss to 75% or 
lower (i.e., 25% of the irradiated light incidence to the 
spatial light modulator 5) can be achieved by setting the light 
divergence smaller than one- third (i.e., D/3) of the diagonal 
distance of the image display area of the spatial light 
modulator 5 . 

In the following paragraphs of the specification, the 
value of NA does not indicate a determined value under an ideal 
condition, but a substantial value including an error occurred 
at the time of manufacturing optical systems constituting the 
integrator optical system 3 and a displacement occurred at the 
time of placing the Integrator optical system 3 . In other words , 
for example, even though it is designed to have NA=0.2, values 
near 0.2, such as 0.19 and 0.22, are not excluded. 

In the case of using an electrophoretlc diffuser 10 having 
a deviated spatial distribution of migration particles, a local 
diffusing angle and a transmittance differ depending on a 
position in the electrophoretlc diffuser 10. Therefore, a 
deviated light intensity distribution occurs on the spatial 
light modulator 5 due to a transmittance deviation as the 
electrophoretlc diffuser 10 Is arranged Improperly near the 
spatial light modulator 5. A luminous Irregularity moves on 
the projection screen following movement of migration particles 
contained in the electrophoretlc diffuser 10, and comes Into 
a projected image. To prevent this, the electrophoretlc 
diffuser 10 is arranged apart from the spatial light modulator 
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5 a predetermined distance. The electroptioretic diffuser 10 
is irradiated in different directions from the respective 
element lenses of the integrator optical system 3. Therefore, 
a sufficient distance L between the electrophoretic diffuser 
10 and the spatial light modulator 5 is effective to equalize 
luminous irregularities of light irradiated from the respective 
element lenses . 

Particularly, the light diffusing angle 0 of the 
electrophoretic diffuser 10, a pitch P denoting a luminosity 
irregularity (transmission irregularity) of the transmitted 
light on a side of the electrophoretic diffuser 10 facing the 
spatial light modulator 5 , and a distance L between the 
electrophoretic diffuser 10 and the spatial light modulator 5 
are set so as to be in a relationship of 

P<2xtan(e/2+Sin"^(NA) )xL (2) 
depending on the numerical aperture NA of the integrator optical 
system 3. In Fig. 3, a portion having the highest brightness 
of transmitted light rays on a side of the electrophoretic 
diffuser 10 facing the spatial light modulator 5 is shown in 
a solid line running on the electrophoretic diffuser 10 in a 
lateral direction (y- direction) . An interval between portions 
having highest brightness aligned in a longitudinal direction 
is a pitch P denoting an irregularity. Normally, irregularity 
occurs also in a lateral direction (y-direction ) , but it is 
omitted in this figure for simplicity. Further, in Fig. 3, a 
length which is the same as the length of a pitch P on the 
electrophoretic diffuser 10 is also shown on the spatial light 
modulator 5 by a lateral (y-direction) solid line. 
Furthermore, a portion which has an equal distance to solid 
lines is shown by a dotted line. 

If a divergence of the rays of light after being diffused 
on the spatial light modulator 5 is larger than the pitch P 
denoting the irregularity of the transmitted light rays , the 
adjacent rays of light foarming irregularity diffuses, and the 
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diffusing rays thereby overlap with each other . In other words , 
the conditions which satisfy the Equation 2 suppress 
deterioration of an Image quality due to an Irregularity. 

Further, though It Is described above that the pitch P 
of the Irregularity of the transmitted light rays Is constant , 
the value of the pitch does not have to be constant and It can 
be varied. In such a case, an average of a plurality of values 
of the pitch P (for example, an arithmetic average) can be newly 
set as a new constant pitch P. 

Furthermore, with reference to the Equation 1 and the 
Equation 2, it is preferable to set the distance L between the 
electrophoretlc dlffuser 10 and the spatial light modulator 5 
within a range of 

P/tan(e/2+Sln'^(NA) )/2<L<D/tan(9/2+Sln"^(NA) )/3. (3) 

Normally, the irregularity pitch P of the rays of transmitted 
light through the dlffuser Is smaller than 10 times of diameter 
d of particles in the dlffuser. Thus, if the Integrator optical 
system 3 having a numerical aperture of 0. 1 Is used for example, 
it should have the distance of 0 . 26mm to 2 . 6mm or more depending 
on the particle diameter (10pm to lOOpm) of the migration 
particles contained in the dlffuser. 

Further, though the electrophoresis is used as a means 
for moving the migration particles in the present embodiment , 
a heat, a sound wave or a magnetism can be also used as a means 
for moving, swaying and oscillating the diffusing element to 
obtain a similar effect. Furthermore, the similar effect can 
be also obtained by moving, swaying or oscillating a solvent 
contained with the light diffusing elements. 

Further, with regard to the light diffusing elements to 
be contained. If two or more kinds of particles having different 
characteristics from one another are mixed, e.g. , the particles 
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differ in the moving speed from one another, the spatial 
r/strihutlon Of the particles heco.es .ore -plicated 
consequently, more numbers of a phase 

after heln. passed through the -""-^ /"^t^g .a^^i:: 
of the speckle pattern Increases. Thus, mixing P 
Lvmg two or more kinds of characteristics is -"-^-^ 
reduce a speckle noise. For example. In the case where the 
dlffuser described above Is constructed by a liquid crystal 
to or more kinds of liquid crystal having different 
polarization from one another contained In ^-.-"^^ ^^^^ 
Afferent response speed at the time of applying an electric 
field consequently, various diffusing light patterns and a 
la^g! number of speckle patterns are formed, which effectively 
reduces the speckle noise. 

Further . a particle used as a light diffusing element has . 
other than the polarization described above, characteristics 
such as Size, mass and density. For example, in the case where 
Tarticles having the same polarization and but having 

Afferent size from one another are contained, small P-"^- 
move fast and large particles move slowly relative to the small 
particles at the time when a voltage is applied. In any of the 
Lses above, the particles can have different moving speeds, 
and thereby the speckle noise can be reduced. 

For another example, in the case of using different kinds 
of migration particles, since the respective response speeds 
of particles with respect to the electric field differ from one 
another, more Irregular and complicated states of 
he generated as compared to the case of containing one kind of 
Lgratlon particles. Since containing the particles having 
different response speed depending on an electronic or magnetic 
effect of particles makes the spatial distribution P-^^^^^ 
m the dlffuser more complicated . the similar effect with 
respect to speckle noise reduction can be obtained. 
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Other than the above, making a moving (swaying, 
oscillating) speed and a moving (swaying, oscillating) 
direction of particles random is also effective to generate an 
irregular diffusion. For example, the spatial distribution of 
particles in the electrophoretic diffuser 10 can be made more 
complicated and varied dividing an electrode 11 (transparent 
electrode) arranged on the electrophoretic diffuser 10 in some 
numbers and control each electrode with electric field 
separately, by forming the divided electrodes 11 to have 
different shapes from one another and perform electric field 
control and by arranging another electrode not only to upper 
and lower sides of the electrode 11 but also on front and far 
side and perform an electric field control to the 
electrophoretic diffuser 10 shown in Fig. 2, and thereby the 
reduction rate of the speckle noise increases. Further, it is 
not necessary to arrange the electrode described above on the 
same plane like the electrode 11 shown in Fig. 2, but it may be 
formed on a plane having a step. 

According to the feature of the laser image display 
apparatus of the present invention, the screen 8 and the 
electrophoretic diffuser 10 are not oscillated or moved and a 
sound caused by movement and oscillation is not generated. 
Accordingly, a quiet laser image display apparatus can be 
realized. 

In the above, the embodiment of the present invention is 
described with reference to the drawings showing a 
pro jection- type display having separated bodies of the 
projection optical system and the screen. However, the 
embodiment in the present invention can be applied to a 
rear-projection type image display apparatus having a 
combination of a projection optical system and a transparent 
screen; and a two-dimensional image display apparatus having 
a type of directly observing the spatial light modulator 
irradiated by a laser from a rear side (for example, liquid 
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crystal television which is now commercially available). 

Further, the embodiment was described with reference to 
a display apparatus of a color image , but the present invention 
can be used for an image projection apparatus having a single 
laser, for example, exposure lighting system used for a 
semiconductor process . As a spatial light modulator in the 
exposure lighting system, a photo mask and the like, for example, 
which is formed by patterning a metal film on a glass motherboard 
is used and a mask pattern image is formed using a semiconductor 
motherboard as a screen. 

( Embodiment 2 ) 

Further, according to another construction of a laser 
image display apparatus of the present invention, an 
electrophoretic diffuser 10 containing light diffusing 
elements is unified with a spatial light modulator 5 as shown 
in Fig. 4 , and thereby a speckle noise is reduced and eliminated. 
Herein, the optical system such as the integrator optical system 
3 and the like are omitted for simplicity. According to this 
construction, after the rays of light emitted from the light 
source having been passed through the expander optical system 
and the integrator optical system, rays of the light beam can 
be irradiated to the unified optical system including the 
electrophoretic diffuser 10 and the spatial light modulator 5 
in a state of a uniform illumination light ray. Furthermore, 
as shown in Fig. 5, it can also be constructed so as to have a 
reflective spatial light modulator as a spatial light modulator. 
Here, LCOS (Liquid Crystal On Silicon) , which is representative 
of all other reflective liquid crystal 16, is used as a 
reflective spatial light modulator. Furthermore, other than 
the above, if a ferroelectric liquid crystal is used as a 
reflective liquid crystal, a response speed of a liquid crystal 
can be made faster and thereby an image having less afterimage 
can be projected. 
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( Embodiment 3 ) 

Further, according to another construction of a laser 
image display apparatus of the present invention, as shown in 
Fig. 6, a light diffuser containing light diffusing elements 
and a liquid crystal used in a two-dimensional spatial light 
modulator for projecting an image are contained in the same 
liquid. For example, it functions as a diffuser by moving the 
particles by heat, and, on the other hand, it functions as a 
two-dimensional light modulator by controlling a liquid crystal 
(a reflective liquid crystal is used in Fig. 6) by electricity. 

Here, the same as in the embodiment 1, a distance between 
the diffuser and the light modulator needs to be set in an 
appropriate position to suppress the light amount loss and the 
luminosity irregularity to a minimum. Therefore, portions of 
a light diffusing function and a light modulating function needs 
to be separated, and the particles and the liquid crystal 
contained in the same liquid needs to be arranged in an 
appropriate position. 

(Other preferable embodiment) 

Fig. 4 and Fig. 5 shows an electrophoretic diffuser 10 as 
one form of the diffuser. However, the diffuser in the 
embodiment of the present invention is not limited to it , but 
it can take a form of containing light diffusing elements which 
are moved, swayed or oscillated by applying a heat , a sound wave 
or an electric field. At that time, for example, it is 
preferable that the light diffusing elements include more than 
two kinds of materials having different characteristics such 
as size, mass, intensity or magnetic moment from one another. 

(General Outline of Embodiment) 
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A general outline of an embodiment of the present 
invention is described below. 

(1) AS described above, it is preferable that a laser image 
display apparatus in the present invention comprises: a laser 
light source; a light diffuser containing light diffusing 
elements, the light diffusing elements moving, swayxng or 
oscillating; an illumination optical system which irradiates 
rays of light from the laser light source to the light diffuser; 
a spatial light modulator which is arranged near the Ixght 
diffuser and irradiated rays of light diffused by the light 
diffuser to produce image; and a projection lens which projects 
to a predetermined plane in space an image produced by the 
spatial light modulator, wherein a light diffusing angle 9 of 
the light diffuser, a pitch P of transmission irregularity 
generated in the light scattering means, a numerical aperture 
NA of the illumination optical system, and a distance L between 
the spatial light modulator and the light diffuser have a 
relationship of P<2xtan(e/2+Sin-^(NA) ) xL. 

According to this construction,, rays of light emitted 
from the laser light source are irradiated from the illumination 
optical system to the light diffuser . Light diffusing elements 
are contained in the light diffuser. and the rays of light 
irradiated from the illumination optical system are diffused 
by the light diffusing elements . At this time , since the Ixght 
diffusing elements are moved, swayed or oscillated, a phase 
pattern of the diffused rays changes at each moment . and thereby 
a speckle pattern changes. In other words, since different 
speckle patterns occur at each moment. These speckle patterns 
are timely averaged out at the time when an image projected to 
a particular plane via a spatial light modulator and a 
projection lens is observed. Accordingly, a high-qualxty 
two-dimensional image with a suppressed speckle noise can be 
obtained. 
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Further, divergence of the ray of light irradiated from 
the illumination optical system to the light diffuser is 
expressed by Sin-(NA) . Assuming that a full angle of a light 
diffusing angle of the light diffuser is 0 . a further 
divergence angle of 9/2 is added, and thereby a divergence angle 
of light rays is expressed by 0 /2+Sin-^(NA) . Accordingly, if 
a length between the light diffuser and the spatial Ixght 
modulator is L, a divergence of the ray of light on the spatxal 
light modulator can be expressed by 2 X tan( 0 /2.Sin-(NA) ) X 
L If the divergence is larger than a pitch P of a transmittance 
irregularity (luminosity irregularity of a transmitted light 
ray) generated in the light diffuser. the adjacent rays of light 
forming irregularity diffuses, and the diffusing rays thereby 
overlap with each other. According to this, lowering of an 
image quality due to an irregularity can be suppressed. 

(2) A laser image display apparatus according to the laser 
image display apparatus (1), wherein it is preferable that a 
light diffusing angle 9 of the light diffuser. a numerical 
aperture NA of the illumination optical system, a distance L 
between the spatial light modulator and the light diffuser and 
a diagonal screen size D of the spatial light modulator have 
a relationship of tan( 9/2+Sin-'(NA) ) xL<D/3 . 

According to this construction, since a divergence of the 
rays of light after being diffused on the spatial light 
modulator is larger than a pitch P denoting an irregularity of 
the transmitted light rays, the adjacent rays of light forming 
irregularity diffuses, and thereby the rays overlap with each 
other. Accordingly, a deterioration of an image quality due 
to an irregularity can be suppressed. Further, since a half 
of a light divergence on the spatial light modulator is set 
smaller than one-third (i.e. . D/3) of the diagonal distance of 
the image display area of the spatial modulator, the amount of 
light not entering the spatial light modulator (loss in the 
light amount) can be suppressed to 75% or lower. Accordingly. 
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an image projected to the predetermined plane on a screen and 
the like can be recognized without sense of discomfort. 

( 3 ) AS described above . it is preferable that the laser image 
display apparatus in the present invention comprises: a laser 
light source; a light diffuser containing light diffusing 
elements, the light diffusing elements moving, swaying or 
oscillating; an illumination optical system which irradiates 
rays of light from the laser light source to the light diffuser; 
a spatial light modulator which is arranged near the Ixght 
diffuser and irradiated by rays of light diffused by the light 
diffuser to produce image; and a projection lens which projects 
to a predetermined plane in space an image produced by the 
spatial light modulator, wherein a light diffusing angle 9 of 
the light diffuser. a numerical aperture NA of the illumination 
optical system, a distance L between the spatial light modulator 
and the light diffuser and a diagonal screen size D of the spatial 
light modulator have a relationship of tan(e/2H-Sin-(NA) ) xL 

<D/3. 

According to this construction, rays of light emitted 
from the laser light source are irradiated from the illumination 
optical system to the light diffuser. Light diffusing elements 
are contained in the light diffuser. and the rays of light 
irradiated from the illumination optical system are diffused 
by the light diffusing elements. At this time, since the light 
diffusing elements are moved, swayed or oscillated, a phase 
pattern of the diffused rays changes at each moment , and thereby 
a speckle pattern changes. In other words, since different 
speckle patterns are generated and these speckle patterns are 
timely averaged out at the time when an image projected to a 
particular plane via a spatial light modulator and a projection 
lens is observed, a high-quality two-dimensional image with a 
suppressed speckle noise can be obtained. 

Further, divergence of the incident light rays from the 
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illumination optical system to the light dif fuser is expressed 
by Sin"^{NA). Assuming that a full angle of a light diffusing 
angle of the light dif fuser is 0 , a further divergence angle 
of 9/2 is added, and thereby a divergence angle of light rays 
is expressed by 0 /2+Sin"^(NA) . Accordingly, if a length 
between the light diffuser and the spatial light modulator is 
L, a divergence of the ray of light on the spatial light modulator 
can be expressed by 2 X tan( 9 /2 + Sin"^(NA) ) Xl . By setting a half 
of a light divergence on the spatial light modulator smaller 
than one- third (i.e. , D/3) of the diagonal distance of the image 
display area of the spatial modulator, the amount of light not 
entering the spatial light modulator (loss in the light amount) 
can be suppressed to 75% or lower. Accordingly, an image 
projected to the predetermined plane on a screen and the like 
can be recognized without sense of discomfort. 

( 4 ) A laser image display apparatus according to the laser 
image display apparatus in any one of ( 1 ) to ( 3 ) , wherein it 
is preferable that the light diffusing elements move, sway or 
oscillate in response to a voltage applied to the light diffuser. 
According to this construction, a substance which can be moved 
swayed or oscillated by applying a voltage is used as a light 
diffusing element. One example of a substance of this kind is 
a particle including TiBaOa and the like which is able to undergo 
induced polarization. Here, for example, if an alternating 
voltage is applied to the light diffuser, migration particles 
can be moved, swayed or oscillated in response to modulated 
frequencies of the voltage. That is to say, a speckle pattern 
of the rays of light diffused by the light diffuser can be changed 
variously in response to the modulated frequencies of the 
voltage, and thereby a speckle noise can be reduced effectively. 

(5) A laser image display apparatus according to the laser 
image display apparatus in ( 4 ) , wherein it is preferable that 
the light diffuser has a plurality of electrodes , and a movement 
of the light diffusing elements is controlled by a voltage 
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applied to each of the plurality of electrodes . According to 
this construction, for example, an alternating voltage is 
applied Individually to a plurality of electrodes which the 
light dlffuser Includes. As a result, a different electric 
field Is generated respectively among each of the electrodes , 
and thereby a movement of the light diffusing elements affected 
by the electric field differs among each of the electrodes. 
That Is to say, for example, a speckle pattern of light diffused 
by the light dif fuser can be changed in various ways in response 
to the modulated frequencies applied individually to the 
plurality of electrodes. Accordingly, a speckle noise can be 
reduced more effectively. Further, at this time, a movement 
of the light diffusing elements can be changed in more 
complicated way by adjusting an arrangement of the electrodes 
in such a way where an electric field is not applied In a parallel 
direction but being crossed. Accordingly, a speckle noise can 
be reduced more effectively. 

(6) A laser image display apparatus according to the laser 
Image display apparatus in any one of (1) to (3), wherein It 
is preferable that the light diffusing elements move, sway or 
oscillate in response to a heat applied to the light dlffuser. 
According to this construction, it is not necessary to apply 
electricity or polarize the light diffusing elements, and the 
light diffusing elements can be moved swayed or oscillated 
without use of any objects. Further, since a movement such as 
moving speed of the light diffusing elements can also be changed 
variously by heat applied thereto. Accordingly, a speckle 
noise can be reduced effectively. 

(7) A laser Image display apparatus according to the laser 
image display apparatus in any one of ( 1 ) to ( 3 ) , wherein It 
is preferable that the light diffusing elements move, sway or 
oscillate In response to a sound wave applied to the light 
dlffuser. According to this construction. It is not necessary 
to apply electricity or polarize the light diffusing elements. 
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and the light diffusing elements can be moved swayed or 
oscillated without use of any objects. Further, for example, 
if a sound wave having a modulated frequency which can be 
controlled is used, a speckle pattern of the rays of light 
diffused by the light dif fuser can be changed variously by the 
modulated frequency. Accordingly, a speckle noise can be 
reduced effectively. 

(8) A laser image display apparatus according to the laser 
image display apparatus in any one of ( 1 ) to ( 3 ) , wherein it 
is preferable that the light diffusing elements move, sway or 
oscillate in response to a magnetic field applied to the light 
dif fuser. According to this construction, a substance which 
can be moved, swayed or oscillated by applying a magnetic field 
is used as a light diffusing element. As such substance, 
particles made of various sorts of ferromagnetic substance or 
ferromagnetic substance can be used. Here, for example, if a 
modulated magnetic field generated by applying an alternating 
voltage to a coil is applied as a magnetic field to the light 
dif fuser, the light diffusing elements can be moved, swayed or 
oscillated in response to the modulated frequencies of the 
applied voltage. That is to say, since a speckle pattern of 
the diffused light can be variously changed by the modulated 
frequencies of the voltage for generating a magnetic field, a 
speckle noise can be reduced effectively. 

(9) A laser image display apparatus according to the laser 
image display apparatus in any one of ( 1 ) to ( 3 ) , wherein it 
is preferable that the light diffusing elements are contained 
with a solvent , and the solvent moves , sways or oscillates . 
According to this construction, in the light dif fuser, the 
solvent contained with the light diffusing elements moves, 
sways or oscillates. Accordingly, the light diffusing 
elements moves in response to a movement of the solvent even 
though the light diffusing elements are not directly moved, and 
thereby a speckle pattern of the rays of light diffused by the 
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light diffuser differs at each moment. As a result, a high 
quality two-dimensional image having suppressed speckle noise 
can be obtained. 

(10) A laser image display apparatus according to the laser 
image display apparatus in any one of ( 1 ) to ( 9 ) , wherein it 
is preferable that the light diffusing elements include two or 
more kinds of substances having different features from one 
another. According to this construction, the light diffusing 
elements include two or more kinds of substances having 
different features such as polarization, size, mass or density - 
For example, in the case where particles have different 
polarization, if a voltage is applied to the light diffuser, 
movement of the light diffusing elements as a whole can be 
changed in more complicated state since each of two or more kinds 
of have different moving speed from one another. Accordingly, 
various speckle patterns are generated, and thereby a high 
quality two-dimensional image having suppressed speckle noise 
can be obtained. 

(11) A laser image display apparatus according to the laser 
image display apparatus in any one of ( 1 ) to ( 5 ) , wherein it 
is preferable that the light diffusing elements include two or 
more kinds of liquid crystals having different polarizations 
from one another. According to this construction, each of two 
or more kinds of liquid crystals having different polarizations 
from one another differs in a response speed from one another 
at the time when an electric field is applied. Accordingly, 
a diffusing pattern of rays of light in the light diffuser 
becomes various and many speckle patterns are formed, and 
thereby it is effective in speckle noise reduction. 

(12) A laser image display apparatus according to the laser 
image display apparatus in any one of (1) to (10), wherein it 
is preferable that the light diffusing elements include two or 
more kinds of particles having different polarizations from one 
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another. According to this construction, each of two or more 
kinds of particles having different jpolarization from one 
another differs in a response speed and the like from one another 
at the time when an electric field is applied. Accordingly, 
a diffusing pattern of rays of light in the light diffuser 
becomes various and many speckle patterns are formed, and 
thereby it is effective in speckle noise reduction. 

(13) A laser image display apparatus according to the laser 
image display apparatus in any one of (1) to (12), wherein it 
is preferable that the light diffuser is integrated with the 
spatial light modulator. According to this construction, in 
the case where the light diffuser and the spatial light 
modulator are attached firmly to each other to be integrated, 
amount of rays of light diffused by the light diffuser and not 
irradiated to the spatial light diffuser can be suppressed to 
a minimum. Further, in the case where the light diffuser and 
the spatial light modulator are integrated with a predetermined 
distance kept therebetween, amount of rays of light not 
irradiated to the spatial light diffuser and, further, 
deterioration of an image quality caused by irregularities of 
a transmitted ray of light on the spatial light modulator can 
be suppressed. In any cases, a relative displacement between 
the light diffuser and the spatial light modulator caused by 
vibration and the like can be suppressed. Accordingly, a 
deterioration can be suppressed. 

(14) A laser image display apparatus according to the laser 
image display apparatus in (13) , wherein it is preferable that 
the spatial light modulator executes light modulation by a 
liquid crystal. According to this construction, since an 
orientation of a liquid crystal can be easily controlled in 
response to an input image signal provided electrically, 
intensity modulation can be executed effectively. 

(15) A laser image display apparatus according to the laser 
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Image display apparatus in (14), wherein it is preferable the 
spatial light modulator executes light modulation by a 
reflective liquid crystal. According to this construction, 
since an incident ray of light to the spatial light modulator 
does not pass through a liquid crystal, a bright image having 
small loss in the light amount can be displayed. 

(16) A laser image display apparatus according to the laser 
image apparatus in any one of (1) to (15), wherein it is 
preferable that : the laser light source comprises a laser light 
source emitting a ray of red laser light, a laser light source 
emitting a ray of blue laser light, and a laser light source 
emitting a ray of red laser light , the rays of laser light emitted 
from the laser light sources are combined to a single ray of 
laser light after being passed through the light diff users , the 
illumination optical systems and the spatial light modulators 
which are arranged with the respective laser light sources , and 
the projection lens projects the combined laser light to a 
predetermined plane in space. 

According to this construction, each of the three laser 
light sources of RGB colors (R: Red, G: Green, B: Blue) includes 
the light diff user, the illumination optical system and the 
spatial light modulator. The rays of light emitted from the 
three laser light sources are irradiated to the light dif fuser 
by the illumination optical system respectively. Since the 
light diffusing elements which are moved, swayed or oscillated 
are contained in the light dif fuser, different speckle patterns 
occur at each moment. After the rays of light of three RGB 
colors having been passed through the spatial light modulator 
are combined to a single ray of laser light, the combined ray 
of light is projected to the predetermined plane in space. 
According to this, a laser image display apparatus capable of 
displaying a bright color image with suppressed speckle noise 
can be realized. 
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The present invention is described in detail; however, 
the descriptions above are exemplification of the present 
invention in all of the aspects, and the present invention is 
not limited to them. Indefinite numbers of modified examples 
may be envisioned within a scope of this invention. 

INDUSTRIAL APPLICABILITY 

The laser image display apparatus of the present 
invention serves as a laser image display apparatus comprising 
a means for reducing a speckle noise which appears on a display - 
The laser image display apparatus comprises one laser light 
source and a light dif fuser in which light diffusing elements 
are contained so that a speckle noise can be reduced or 
eliminated by executing a light diffusion to rays of laser light 
without using a oscillating system such as screen, and thereby 
a bright image having no fine and irregular noise can be 
projected to a screen. Further, an optical system including 
a light dif fuser is set in the most appropriate position so that 
loss of light amount after being executed a light diffusion is 
minimized, and thereby a bright and high-quality image having 
no luminosity irregularity can be realized. 
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